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Abstract 
Floods seem to be more and more a serious problem in the Czech Republic. Geographical occurrence of floods has become less 
predictable recently, since flash floods have the main role at the beginning of flood events. Flash flood has a bigger impact to our 
environment than ordinary floods, as municipalities are prepared in most cases for the ordinary ones. Land cover type is an 
important factor due to its influence on the precipitation water runoff for a decision what kind of crop is suitable for a given 
region. This choice can substantially affect the future impact of floods (e.g. corn is a crop which can negatively influence the area 
during the flash floods). The second problem is an expansion of crop to forest areas (deforestation). This process has also a 
negative impact on influence of upcoming flash flood. The paper deals with assessment of land cover type with regard to its 
possible impacts on flash flood impacts when the main danger does not come from the river but from hillsides around urban areas 
and assessment of flood with regards to land cover changes. In this paper, the available remote sensing data will be analyzed for 
this task as well as the analysis of available technology which can be used in areas where the data from remote sensing cannot be 
used in the required time frame or quality – for example which kind of data from field surveying will be needed or if there is an 
opportunity for using UAV. The paper will serve as a basic source for future analyses where individual issues will be analyzed. 
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1. Introduction 
This paper is focused on very important issue in the Czech Republic – floods and flash floods. There are two 
most important phenomena of our lives – humankind and his environment. Floods threaten both these phenomena in 
© 2014 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Selection and/or peer-reviewed under responsibility of the Centre for Disaster Resilience, School of the Built Environment, 
University of Salford.
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large areas in a high number and for a long time. Floods have been becoming a very serious problem touching a high 
number of inhabitants all over the world. Floods thanks to their size are a source of disasters crossing borders, 
causing material and non-material impact on landscape and its inhabitants. Their power is above human force. A 
preparation phase must exist to mitigate impact of floods and allow us to avoid floods as disasters. We have no 
influence to rainfall, however, we can adapt our environment, our buildings and other constructions to resist, so 
survive without serious impacts. Also human victims occurring both directly during floods and/or indirectly after 
floods strengthen the necessity to find tools and means to improve flood forecasts, protections an impact mitigation.  
Remote sensing data bring an overview of the present state of the landscape. Geographic information system as a 
tool (GIS) is able to analyze the image data deeper. Remote sensing enables us to evaluate a spatial situation of large 
areas on the earth. It is an irreplaceable tool as its data can measure regularly in short time steps the earth surface – 
its quality and actual state. It is the time development of the landscape which can be determined from measured 
remote sensing data and archived in GIS. Processing of these data can show how landscape suffered from a storm 
rainfall, e.g. the processing is simplified by GIS tools where spatial properties related to irregular areas (land use 
class polygons) are possible to be easily analyzed. 
Methodology for flood detection allows to determine flooded areas, analyze them, and improve conditions to 
strengthen the resilience of a given area, to save our environment and human lives. Methodology for flood impact 
assessment enables us to determine future expenditures for reclamations and reconstruction. 
2. Current state 
There are many papers and projects dedicated to flood detection using remote sensing data. A great part of them 
use radar (Synthetic Aperture Radar = SAR) data due to their good distinguishing of water surface and other areas 
regardless the weather conditions (Baghdadi et al.  2005). The SAR (Radarsat satellite) data were used also in the 
Czech Republic in 1997 (Halounova 2002). Radarsat data allowed determination of various phases of the flood in 
the eastern part of the republic. It was possible to derive flooded areas even after the flood water was over 
(Halounová et al.  1999). Serpico et al. (2012) analyzed what radar remote sensing data should be used for the flood 
detection – how it was also described in Halounová (2002) - and presented a various remote sensing data fusion. 
Flooded forest areas were detectable from SAR data with steep incidence angle measurement (Halounová 2002). 
Urban areas were analyzed by Giustarini (2012) and change detection was proved to be the suitable proposed 
method. An example of automated classification of flooded areas is described in Matgen (2011).  
A very important part of the remote sensing data evaluation will be the soil moisture measurement. The main 
reason is that high soil moisture causes high backscatter. However, high backscatter can be caused also by a high 
surface roughness. To separate influence of soil moisture and roughness can be determined using multi-polarization 
or multi-angle approach (McNairn 2007). An algorithm based on a fit of the single-scattering integral equation 
method was developed to provide estimation of soil moisture and surface roughness parameter (a combination of 
RMS roughness height and surface power spectrum) from quad-polarized synthetic aperture radar (SAR) 
measurements. This algorithm was applied to a series of measurements acquired at L-band (1.25 GHz) from both 
Airborne Synthetic Aperture Radar (ASAR) and satellite SIR-C over a watershed in southwest Oklahoma. The 
sensitivity of soil moisture variation to the co-polarized signals was then examined under the consideration of the 
calibration accuracy of various components of SAR measurements. It was found that the two co-polarized 
backscattering coefficients and their combinations would provide the best input to the algorithm for estimation of 
soil moisture and roughness parameter (Shi 1997). According to Baghdadi (2005), when compared with the results 
obtained with a single polarization (HH or HV), the use of two polarizations (HH and HV) does not enable a 
significant improvement in estimating soil moisture. For the best estimates of soil moisture, ASAR data should be 
acquired at both low and high incidence angles. ASAR proves to be a good remote sensing tool for measuring 
surface soil moisture, with accuracy for the retrieved soil moisture that can reach 3.5% (RMSE) (Baghdadi 2005). 
The problem to estimate soil moisture is to free from the effects of the space and time fluctuations of soil roughness 
and from the vegetation cover attenuation and scattering. The methodology presented in Quesney (2000) is based on 
the selection of land cover types or “targets,” for which the SAR signal is mainly sensitive to soil water content 
variations, and for which the vegetation and the roughness effects (in SAR signal) can be estimated and removed if 
needed. 
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Flood prevention is not systematically performed in all countries. Meteorological weather forecast is the first 
moment for most countries to prepare protective provisions.  A lot of large or historical cities are protected against 
50-, 100-year floods by river banks and temporary protecting walls (Prague, Vienna, e.g.) or deriving channels 
(Winnipeg, e.g.). However, there are many small urban areas whose protection has been built for 5–, 10–year floods. 
It is not sufficient very often during last few years. We have been facing flash floods with much higher rainfall 
values not only due to higher frequency of storm rainfalls, but also due to larger impervious areas (larger 
urbanization), and due to unsuitable agriculture policy (using crops with high percentage of bare soil in the field on 
relatively steep slopes). 
Our method in the project is able to show flooded areas in a GIS map – according to land use classes. These areas 
comprise information about damages – types and sizes. The data can be used as input data for land use changes 
modelling to propose land use/land cover improvements to increase landscape ability to absorb a larger amount of 
rainfall and reduce the surface runoff, and to slow down the runoff to lower the flow energy. This method can be 
used both in a local/catchment scale, and in smaller scales – if the system will be regarded as one of most protective 
tool for mitigation of flood impacts by authorities on various administrative levels. 
3. Description of floods 
During the last two decades, floods in large areas in many European and non-European countries have become 
one of main disasters. Flood means surface outflow in areas where no water surface occurs in “normal” periods. 
These areas are both in the open landscape and urban areas. They damage these areas in many ways. Flood in a 
mountainous areas with a quick outflow where high water energy destroys the ground surface and removes the most 
precious soil layer causing soil erosion in large areas. Floods in flat areas is usually under water surface more days 
or even weeks and can evoke emerging of insects bringing diseases, agricultural areas can lose its crop, fertilized 
soil layers, drinking water sources are destroyed or damaged. Urban areas used to be seriously damaged both in 
houses, and in infrastructure.  It is just a short list of flood impacts to our environment. These examples are 
connected to the environment in large areas, and all of them have a strong impact on inhabitants of these areas – 
psychological and physical (as the damages must be removed, the areas reclaimed, people lose their properties, 
results of their work, work places, and even their lives. Therefore floods have an important impact on humankind, 
society and our properties and environment; these changes are in many cases unrecoverable. 
3.1. Floods in the Czech Republic  
Floods are the most often and the most important environmental disaster in the Czech Republic. There are 
records about 30 strong floods in the Czech Lands since the 13th century. Almost half of them occurred in the 20th 
and 21st centuries mostly on the Labe River and the Vltava River (Wikipedia). Floods can be divided into four 
categories by the Czech State Standard (ČSN) No 1975 and 1983: 
 
• Rain based floods 
• Snow based floods 
• Mixed source floods 
• Ice based floods 
 
The highest impact of floods in the Czech Republic is dated to 2002 when even Prague was significantly affected. 
Since the time, flood prevention has been given higher attention by designing and building provisional flood 
protection constructions and by strengthened rules for the land use management in inundation and neighboring 
areas. Results of these applied decisions were verified in 2013 when a similar size flood did not cause such massive 
damages as the 2002 flood. 
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3.2. Flash floods 
Flash floods can be described as events in 100 hectares to 10 sq. kilometer areas. More than 60 flash floods are 
detected in the Czech Republic each year (IEEP). They are usually predictable only shortly in advance before the 
rain comes. Existing meteorological models are often inaccurate in a prediction of geographical location of these 
floods. It happens especially in the mountainous areas where due to a small error of a location, a different valley as a 
flood target is determined. Therefore local inhabitants do not have enough time or even do not know that they have 
to prepare for them. As these areas are usually located in the mountainous areas, the water surface runoff is quick 
and causes severe and large damages in the environment. Therefore remote sensing data, their processing, 
implementation of the results into GIS and their evaluation by spatial analysis are a powerful tool to be better 
prepared for future floods in analyzed areas. 
3.3. Flash floods in the Czech Republic 
In the Czech Republic, there are two major reasons for a relatively high occurrence of flash floods. Growing 
urbanization especially after the II World War caused a transformation of large agriculture areas to impervious 
surfaces. The impervious surfaces have a very low water storage capacity. Many villages are surrounded by 
agriculture areas, which help to protect them against floods from the surrounding mountains. The second reason has 
its origin in the communist regime especially in 1950s when the private properties were destroyed (especially of 
small farmers) and their small fields were merged into large ones. Natural frontiers between fields formed also 
obstacles for water surface runoff. These frontiers were artificially removed by the field merging process.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1 shows a part of common frontier between Austria and the Czech Republic. Narrow fields in Austria 
(Österreich – down-left corner of the photo) was the original agricultural landscape in the Czech Republic, too. The 
upper right corner is the present state of agriculture area landscape after field merging in 1950s. The state border 
between these two countries is very easy to distinguish because of shapes/sizes of their fields. 
The second intervention to natural environment expression has become after the communist regime fall. The 
regime was changed but the agricultural field structure has not changed almost at all. There was no return to the 
agricultural state, which had been there before the communist regime. Selection of crops became a new problem. A 
great boom of corn and oilseed rape occurred. These types of crop combined with field spatial structure do not form 
suitable conditions for the flood protection in the landscape. Retention capacity of these fields is significantly 
reduced and makes large areas to be susceptible not only to floods, but also to the soil erosion. Hence problems with 
the crop selection and green canopy have a very negative influence to flood occurrence, especially flash floods.  
Fig. 1. Difference between shape of fields in the Czech Republic and Austria (source: maps.google.com) 
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Urban areas are threaten not only by high discharges of water streams, but also by the surface water runoff often 
combined with a high amount of suspended materials from surrounding fields or flanks. 
4. Methodology 
Detection and impact assessment of floods can be inferred from remote sensing data. There is a specific 
combination of remote sensing data types and contextual information which are suitable for detection and 
assessment of flood occurrence in various landscape types and post-flood evaluation of the flood impacts on a given 
area. 
GIS allows to use processed remote sensing (RS) data (evaluated flooded areas – time development of flooded 
areas with various land cover changes determined from RS data) and to analyze them together with other data – 
digital (GIS) maps of soil types, digital terrain model (DTM), spatial distribution precipitation, land cover, point 
data of soil moisture measurement, etc.. These data enable us to model and verify reliability of derived changes, 
show areas with severe flood impacts in a form of digital maps which can serve hydrological and other engineers to 
make proposals for changes in the land cover (agriculture crops, permanent grass canopy, etc.) and to improve the 
land resilience for the future.  
The proposed solution is based on change detection where the changes representing those caused by vegetation 
growth (seasonal changes and aging), and land cover changes must be “subtracted” to evaluate post-flood ones. 
Changes are derived from multi-temporal and multi-polarizational SAR data also measured in multiple time steps.  
The results must be always verified in-situ by a visual control, photographs and soil moisture measurement. The 
changes determined from SAR data are processed with all measurements; each SAR measurement must have 
meteorological data and soil moisture data. This workflow proves what changes are detectable including accuracy of 
the processing of the changes. Continuously evaluated correlation with continuously measured values can show each 
month partial results of areas in the catchment. The real flood/storm rainfall impact determination depends on real 
precipitations during the time. 
 
  
 
Fig 2. Flooded areas: Radarsat 1 –  mode S2, 10. 7.1997, 
southern Poland)   
Fig 3. Post-flooded areas – higher intensities in earlier 
flooded locations show areas after the flood, Radarsat 1 – 
mode W1, 27.7. 1997 
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Whole analyzed area is divided into land cover classes. Each land cover class area is evaluated separately from 
SAR imagery (scene pairs). Digital values (statistical values of pixels of land use class areas) of both pairs and of 
differences between SAR pairs is calculated. These values are used for verification if the land use class polygons 
represent homogenous land cover. If not, the polygon is split into more detailed sub segments of land cover areas. 
Each homogenous area (= polygon) has its attributes (statistical values) in GIS. The procedure is repeated for the 
next SAR data measurement to evaluate only homogenous areas. Homogeneity is determined by a predefined low 
standard deviation value. Homogenous areas are those with homogenous vegetation/non-vegetation cover, 
roughness and moisture. The post-flood higher soil moisture determines previously flooded areas and can therefore 
serve as data source for the flood spreading. The post–flood imagery preserves information about previous flood in 
case higher moisture and/or different roughness occur (Fig. 2, 3).  
Soil moisture changes are determined from SAR data and in-situ parallel ground data collection for the soil 
moisture must be done to verify the satellite measurement.  
The solution is based on assumption that homogenous areas have a homogenous behavior. However, it is not 
valid in SAR data in a pixel level. The “pepper and salt” character of SAR data does not allow to process data in the 
pixel scale, but in the segment scale. 
The methodology is a combination of methods. The first one is image processing of SAR scenes –and evaluation 
of these scenes under land cover/land use masks. Theses land use masks are polygons of land use homogenous 
classes in the “older” scene of a pair imported to GIS. Statistical values of all pixels in individual segments is 
imported to appropriate GIS polygons and compared to statistical values of a previous (older) SAR scene. GIS 
attributes in segments are used to determine if there are significant changes in land cover data in the “younger” 
scene. Significant changes allow to update land use polygons. Statistical data enable us to classify land cover – non-
flooded forest, flooded forest, road, damaged road, etc. - in individual segments as a whole in the moment of the 
“younger” SAR measurement. 
First land cover classification is performed by an object-oriented classification from aerial orthophotos 
(Halounová 2004). This classification determines agriculture fields according to their crops, deciduous and 
coniferous forests, permanent vegetation, permanent water bodies, and various urban land cover classes, etc. 
Polygons of classified classes are imported to GIS and form masks of individual land cover classes for classification 
of the following SAR scene. In case of the following scene, nonhomogeneous areas of individual polygons are split 
into homogenous polygons/segments and the segments are reclassified to higher number of land cover classes – 
various vegetation development, different soil conditions. The new polygons form new masks for the following 
SAR scene. 
Updating classification after new SAR data delivery is processed from a following SAR data by evaluation of 
their pixel values under individual polygons from the previous classification. Mean values and standard deviation of 
all polygons in older and younger scene are compared. Polygons with higher differences between older and younger 
scenes are compared and split into more polygons=in case of different attributes defining new class/classes.  
5. Results 
The above-mentioned method was verified for detection of flooded and non-flooded areas in agriculture and 
forest areas. Fig 4 shows 4 main cases. Case 1 is characterized by field areas with near zero backscatter and very 
low standard deviation in scenes from 14 July, 24 July. The area was flooded in both days. The area was flooded in 
a small part only on the last image on 27 July where the backscatter values are mostly high with high standard 
deviation. However, the mask of the field remains unchanged. 
Case 2 is an example of splitting of the original field (dot-and-dash line) to two new areas – dot-and-dash and 
solid lines. This case will be verified in a following scene – if the field stayed unchanged (backscatter values and 
standard deviation do not differ from the state before flood), or if there is soil sedimentation or erosion, e.g. 
Case 3 represents again a subdivision of original fields, however, the flood was only on 14 July. Comparison of 
two scenes before 14 July and 27 July confirmed that the field stayed unchanged within the dot-and-dash mask. 
Case 4 shows a field and its parts flooded on the last scene.  
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6. Conclusion 
This paper describes very important issue for the Czech Republic. The presented solution shows only shortly a 
way to detect flood and its impact on the land cover. Example of the methodology application in agriculture areas 
shows mostly the most seriously threatened large areas whose management can substantially influence the final 
flood impact on a given landscape. Crop choice and crop row directions can play a very important role in the flood 
protection of urban areas. Changes in the agriculture areas seem to be the quickest (at least each year) and fully 
under a human control.  
 
 
 
 
Policy of the national forest management has been for many years focused on preserving forest areas unchanged 
and keeping a smooth development from planting up to a harvest and new plantation. The flash floods can be a 
cause of serious impacts especially from the erosion point of view. SAR data allow detecting flooded areas under 
certain circumstances – suitable wave bands, incidence angle, etc. Remote sensing data, their processing and these 
data implementation into GIS is a very power tool for inventory of individual floods, and modeling of future events. 
Despite the fact, that floods return very often and that the damage on the property is still very high, the public 
awareness and interest in this topic is not sufficient. The reason is that farmers still keep their ingrained practices 
and even sell their agriculture land to urban developers for new urbanization in the areas, which are threatened by 
floods because this is not given by law (Nekvasilova 2013). 
The importance in the analysis of the flash floods is also in the fact that many villages, which are threaten by the 
flash flood, do not have any flood plans or flood commission (Reidinger 2009). 
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